where A is a unknown mixing matrix, s(t) are independent components.
Next we see DC power flow model. It is represented as described below
F(t) = BP(t)· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · (2)
where B reflects admittance and network topology, F(t) is branch active power flow, P(t) is active power injected into bus. DC power flow model given in (2) matches ICA model in (1). Based on this idea, we can estimate active power injected into bus from observed branch power flow using ICA.
We apply this idea to power estimation of DG connecting to a radial distribution system. Here, we have the problem that ICA has two indeterminacies, scaling and permutation. In this study we use preliminary knowledge, DG maximum output power, connected node and network topology. With these information, we can estimate DG output from only observed branch active power flows.
We check the validity of our estimation method on a 69-bus distribution system shown in Fig. 1 . Given that the number of DG: 8, connect node [27 35 46 48 51 65 67 69], maxim power: 10% of connected node load and metering branch [1-2, 3-4, 3-28, 7-8, 8-9, 10-11, 11-12, 12-13] . We mimic DG power as Weibull distribution. To obtain branch power flow data, we calculate with AC power flow method and set sample length 1000. Though AC power flow is nonlinear simultaneous equation, ICA can separate independent components from observations. Observed branch power flows are shown in Fig. 2 . Estimated signals are shown in Fig. 3 . The maximum errors by maximum DG power are 5. 1, 2.0, 7.6, 6.1, 7.0, 9.5, 4.9, 6.5 [%] , respectively. And mean error ratios are 1.2, 0.6, 1.7, 1.2, 1.2, 2.1, 1.0, 1.6 [%], respectively.
This paper demonstrated DG power estimation using ICA with branch power flow data. Error analysis says that the estimation is good. Proposed method is very useful because analysis object is branch power flows and it doesn't need system parameters. This paper presents the application of Independent Component Analysis (ICA) in power system. ICA is a method for finding unknown signals from observed ones. Given that observations are linear mixture of independent signal sources, then we can estimate signal sources from just only observations using ICA method. ICA is based on a linear-mixture model, in contrast, power system is a nonlinear system. However, applying DC power flow model, branch active power flows are represented as a linear mixture of active power injected into bus. DC power flow model matches ICA model. Therefore, in power systems, we can estimate bus injections from observed branch power flows using ICA. In this paper, we extend this idea to power estimation of Distributed Generation (DG) connected to radial distribution system. Note that ICA has two indeterminacies, scaling and permutation. To solve these matters, we use preliminary knowledge, DG maximum output power, connected node and network topology. We demonstrate the validity of this approach on a 69-bus distribution system, and then discuss the results with error analysis and spectrum analysis. -2, 3-4, 3-28, 7-8, 8-9, 10-11, 11-12, 12-13] 14, 27, 28, 35, 37, 46, 48, 51, 55, 65, 67, 69] 12 [14, 28, 37, 55] 3 100 
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